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1X.—On the Use of Common Fhermometers to determine heights. 
: By Lieut.-Col. W. H. Syxes, F.R.S.00 

Havine been recently applied to by two gentlemen about to 
travel—the one in Afnes and the other in Asia Minor—for a de- 
seription of the thermometers and apparatus used by myself for 
some years in India for determining heights by the boiling tem- 
perature of water, I .bave ventured to believe that a brief account 
of a process which I found to produce results sufficiently near to 
the truth for most practical purposes, may not be unacceptable to 
some members of the Society, particularly as I carried on my ba- 
rometrical observations contemporaneously, and thereby obtained 
data for fang the value of certain points on the thermometric 
seale. To determine heights accurately, good barometers are 
necessary, which have been carefully compared with a standard 
barometer ; the observations must be taken simultaneously at the 
r and lower stations, and the temperature of the mercury and 

the air, and the hygromctric state of the latter, must be noted. 
Hemghts so determined, when tested again in the same or suc- 
ceeding years, I have rarely found to vary more than 10 or 20 
feet in 4000 or 5000. When barometers are used which have 
not been previously compared with a standard, when the ob- 
servations are not simultancous, and when the pressure and 
temperature ‘at the level of the sea are assumed, the results may 
by. accident be near to the truth, but they will usually be from 
100 to 300 feet wrong,—at least such is the result of my expe- 
rience within the tropics. But good barometers are very costly ; 
they are troublesome to carry, are particularly exposed to ac- 
cident on a journey, and get out of order by the escape of the 
mercury, which being frequently unobserved, the barometer con- 
tinues to be wed as if it were correct. The late Archdeacon 
Wollaston, aware of these facts, invented the thermometric baro- 
meter. to supply the place of the ordinary barometer. This in- 
strument is very sensible, but it is very fragile from the great 
weight of the balb compared with the slenderness of the stem: 
moreover, there are some complex accompaniments, and the in- 
strument is also expensive: in short, I found it not fit for rough 
work out-of-doors, having had three destroyed at the outset of my 
labours; and the same opinion is expressed by Mr. James Prinsep, 
of Calcutta, who is well known for the practical application of his 
scientific knowledge. [ had then recourse to common thermo- 
ineters, and, with certain precautions in their use, found them 
answer my purpose sufficiently well. A tin shaving-pot was my 
boiler; dry sticks and pure water were usually to be had, and by 
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When the boiling point at the upper station alone is observed, 
and for the lower the level of the sea, or the regiater of a distinct 


barometer is taken, then the berometric reading had better be 
converted into feet, by the usual method of , ‘its Yo- 
garithm from 1°47712 (log. of SO inches) and multi ying ‘by 
0006, as the differences in the column of “ barometer ” vary mone 
rapidly than those in the “feet” column. of 


Example.—Boiling point at upper station - -'' 180°= 24548 
Berometer at Calcutta (at 32°) 29 in. 15° a % 
Logar. diff.=1°4'1112— 1 °47349=00363 x 0006= | 218 


. Approximate height - - 14390 


Temperature, u station, 76° oranleinis 100° 
pee ee ee } 80=maltiplier 3-100 








Correct altitude - - - 15768 


Assuming 30-00 inches as the average height of the barometer 
at the level of the sea (which is however too much), the altitude 
of the upper station is at once obtained by inspection of Table 1, 
correcting for temperature of the stratum of air traversed by 
Table 2. 


[Newman, Optician, 122, Regent Street, has been in the habit 
of making these instruments; he recommends the use of copper 
brazed, instead of tin, as more durable; and a free escape for 
the steam, or the results will be incorrect from the boiling taking 
place under pressure; a model may be seen at the apartments 
of the Royal Geographical Society. —Ep. ] 
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computed from the formule of the various experimenters do not 
accord; but, in three tables which I have in my possession, the 
heights computed by them, when compared with heights deter- 
mined by corresponding barometrical observations, with previously 
compared barometers, (the only satisfactory way to ascertain heights 
not taken trigonometrically,) approximate sufficiently near for all 

tical purposes where great accuracy is not desired. These 
tables, however, differ slightly from each other. 

The table which first came into my hands appeared anony- 
mously in the Madras Gazette for 18%4. In 1826 an able 
friend, Lieut. Robinson, of the Indian Navy, who entered 
warmly into my views to determine heights by common ther- 
mometers, thought he could improve upon the table I was 
using, and accordingly made a new computation; the third 
table came under my notice nrach more recently than the two 
former. It is computed by Mr. James Prinsep, of Calcutta, 
Secretary of the Asiatic Society of Bengal, a gentleman dis- 
tinguished for his scientific research. He published it in the 
Journal of the Society. To admit of a just estimate being formed 
of the value of these tables,—of the value of corresponding baro- 
metrical observations, made with due precautions, although with 
different coadjutors and different instruments,—of the value of 
barometrical observations, with an assumed pressure end tempe- 
rature, at the level of the sea,—of the value of thermometrical 
compared with barometrical observations,—out of many hundred 
heights determined in various ways, I have taken many at random, 
(the number it appears is eighty-eight,) and I have put them into 
juxtaposition in a tabular form. In thermometric heights the 
elements at the level of the sea were a boiling temperature of 
212° Fahr. and a mean temperature of the air of 82°. The 
assumed pressure in heights determined barometrically, without 
corresponding observations, was 30 inches; mean temperature 
82°. In looking over the tabulated results I was a good deal 
surprised to find that in no instance, by whatever method deter- 
mined, do the barometric differences in height exceed 127 feet, 
and this only by comparimg the highest indications with an as- 
sumed pressure with the lowest indications of corresponding obser- 
vations. It will be seen that the various tables for determining 
heights thermometrically, with certain exceptions, do not differ 
very materially in their results from each other, nor from corre- 
sponding barometric observations ; the formule on which they 
are founded may therefore be considered, on the whole, sufficiently 
accurate for the present state of our knowledge. 

Lieut. Robinson’s and Mr. Prinsep’s tables give close rid abo 
mations to each other in their results, but they are as much below 
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the corresponding barometric observations, which I consider the 
true heights, as the results by the Madras table are above the , 
true heights. Some of them curiously coincide within a foot or 
two of the heights determined by corresponding barometrical ob- 
servasions, but this coincidence must be the result of mere ac- 
cdent. Taking the mean of all the thermometric observations: 
at a station calculated by the three tables, and the mean of all 
the corresponding barometric observations at the same place, the’ 
utmost difference is 107 feet in less than 600; and the least dif- 
ference is 8 feet in about 3000 ; but, as the thermometric heights 
in which the difference of 107 feet occurs were single observ- 
ations, made by a gentleman who had newly begun to use his. 
thermometers, they may be laoked upon as probably less sccurate. 
than subsequent trials would have made them. This is scarcely an’ 
unjust inference, as it will be seen that the next greatest difference: 
made by the same gentleman was only 24 feet m 4490. It must be 
admitted however that this amount of error is just as likely to occer. 
in heights of 100 feet as in those of 10,000. My thermometers 
Were not graduated to less than half-degrees, and long practice 
enabled me to determine the height of the mercury in the stem 
to one-twentieth of a degree; but I would recommend thermo- 
meters being used in which the degrees are graduated to fifths 
or tenths of a degree. On the whole, I think the results of six 
years’ experience justify me in saying that common thermome- 
ters may be satisfactorily used to supply the place of barometers 
in measuring heights where great accuracy is not required, and it 
will be recollected that what is usually looked upon as a difficul€ 
and troublesome operation with barometers, will be attainable by 
any person who carries with him a couple of thermometers, the 
requisite tin pot, and the tables, and who is master of the simples€ 
tules of arithmetic. 

Of the three tables in my possession I have chosen Mr. Pnn- 
sep’s to submit to the Society, from their perspicuity and the 
facilities they offer for the conversion of boiling temperatures intd 
heights with very little trouble; but a glance over the figures in 
my tables of altitudes will show that the tables are susceptible of 
considerable improvement, for, with two exceptions, all the heights 
deduced from Mr. Prinsep’s and Lieut. Robinson’s are much 
below those determined by simultaneous observations with good 
barometers ; and I join with Mr. Prinsep in expressing a hope 
that every traveller boiling his thermometers will at the same 
time, if he possess a barometer, make a record of its indications, 
and thus render essential service to physics by fixing so many 
points on the scale of the elastic tension of steam at different tem- 
peratures, 


ee ee 


439 


of Heights by Common Thermemeters. 


“some as ‘Iq 4q pouyurojsp samyesoduis; Saipog » cuodn pojtas yeour s3y Say ogy, } 


es7@e0eeeee VU W0Qe ‘IkmsERS "° 2° "390 68 e88I 
**20AlY VAG OG} WO ‘opumog)****qo7 oF | sssT 


eee eee e coceccoces ofmsi0,) ser ‘enng | 


raed eene coe °°? Zaany WekOD ao ‘qunyUyW ‘ee ndy 9 SST 
pee COD Ce POTRVS COneenseeee yy ore tady /g SE8T 


Feo ea namromaerent 3) f "290 tT eset 


{ oe occas coces. ) GOOl 
JO 7204 TTL ON Gy opduIey, Best 


oc ereee FOR TTB om GO 778g Soret 8s8I 
euny ea0gs in Core 
sming 36 yoyod woumnas f|" eR es | Leet 


rovceos qrdumy oat) ‘qeizey et > seal 
“°° sngmmyg wu 3B oqdarey coo hun ST 8cBT 
eeeccnecee 03 TWH saqZais cooekeny or 


Hod TINH “yajod eatin S AON 65 | Leet 


3 
: 


1898 

5998 

06 081+ 
6659 

C 


qou 
pow 
8,A1W) 
$2110) 
“OVP OVP °F “ON 
1¥0 
ers 


a ‘das 
50 521Q 8} 


a Bayoq 


uoé6ety 


Qiim Sion ware 
Lae serpandaclstr 
‘SON 8, A280 pneiaeg 
8, HIQIID 9, JONTOM 


€a12890 Suy 


$2110) jo vVeR 


$ oO gO 


‘se0uLg JO souTeAY 


atpuodsai20~-) 


apa 


‘SON 
*rvg s,410¢ paw ddor 


4d 


“at 


84 Ytla saOF Ba208 
Saipuod 


“Bld JUIOIVG 
*stOfBsresqo Jay 
hq ‘sarnzuied ua} 

Bayiog 4q 42101 
“Vos BYI JO [9Ad{ ON) 
18 ogg ‘daa, uvau 


‘SON sAreQ pus 
“IR 8210C TIS) 9.yar9e 


“Asay asypal 
"mmMsmIOIeG §,/ 


SaruyUseduia; 
‘so1Quy 8, 


Say 4q 9Q3j0H 
‘ON 8,s000Lr 


UdaMjz0q DOURIAZIKCT 

"10 ye suopjealas 
peminsse ysis 

‘6 “ON “10q 8,c0U0r 


“ByynaVy “b 


eq pus “dur 
eyt 7D JO sueat on 
Ng sauee 
-qo 
-qo 
said 


% 


l 
NOW CHNNIA saACdALILIV 


oe 
god 
oe 
® 
= 
o 
R 
~ 


™ Say1oq ays [Te jo uve Y 
pentane 
su 
~puedsaiz00 


? 





44 - Cel. Grams on the Measurement 


TaBie }. 


Te find the Barometric Pressure and Elevation corresponding to any observed 
‘Temperature of Bolling Water between 214° and 160°. 


Total 
c! Altitude 
ifferences or|/from 30.00 in 
Fathoms, | or the Level 
of the Sea. 


Feet. 
=—1013 
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The Fourth Cotuma gives the Heights in Feet. 
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TABLE Q, 
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Enter with the mean temperature of the stratum of air traversed, and multiply 
the approximate height by the number opposite, for the true Altitude. 


When the thermometer has been boiled at the foot and at the 
summit of a mountain, nothing more is necessary than to deduct 
the number in the column of feet opposite the boiling point 
below from the same of the beiling pomt above: this gives an 
approximate height, to be multiplied by the number opposite the 
mean temperature of the air in Table 2, for the correct altitude. 


Boiling point at summit of Hill Fort of Pirun- ° feet. 
dhur, near Pina . ; ‘ . » 204.2 = 4027 
Boiling point at Hay Cottage, Puna - 208.7 = 1690 


Approximate height 2337 
Temperature of the airabove . . ‘75° | 
Ditto ditto below » e 83 


Mean 79 = Multiplier 1.098 





Correct altitude 2.566 feet. 
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When the boiling point at the upper station alone is observed, 
and for the lower the level of the sea, or the register of a distinct 
barometer is taken, then the barometric reading had better be 
converted into feet, by the usual method of subtracting its lo- 
garithm from 1°47712 (log. of SO inches) and multiplying by 
*0006, as the differences in the column of “‘ baremeter” vary more 
rapidly than those in the “feeé” colamn. 


Feet. 

Example.—Boiling point at upper station - - 185°= 14548 
Barometer at Calcutta (at 32°) 29 in. 15° 

Logar. diff.=1°47712—1°47349=00363 x0006= 218 


sD 


Approximate height + - 14330 


Temperature, upper station, 76° memnnltink ; 
Ditto lower, qe } 80=multiplier a 


ai eS 


Correct altitude - - - 15763 


Assuming 30:00 inches as the average height of the barometer 
at the level of the sea (which is however too much), the altitude 
of the upper station is at once obtained by inspection of Table 1, 
ons for temperature of the stratum of air traversed by 

able 2. 


[Newman, Optician, 122, Regent Street, has been in the habit 
of making these instruments; he recommends the use of copper 
brazed, instead of tin, as more durable; and a free escape for 
the steam, or the results will be incorrect from the boiling taking 
place under pressure; a model may be seen at the apartments 


of the Royal Geographical Society.—Ep. ] 


